Abstract
Cytochrome c content 141 Membrane fractions of G. sulfurreducens were isolated as previously described (22, 23) . 142
Outer membrane-enriched fractions were prepared by treating crude membranes with a 143 sarkosyl (sodium N-lauroyl sarcosinate solution at 1% wt/vol) to extract inner membrane 144
proteins. Outer membrane proteins were analyzed by Tris-Glycine denaturing 145 polyacrylamide gel electrophoresis, and c-type cytochromes were detected by staining with 146 N,N,N,N-tetramethylbenzidine, as previously described (24, 25). PageRuler pre-stained 147 protein standards were purchased from Thermo Scientific. The Tris-Glycine gel image was 148 digitized using a Gel-doc (Bio Rad). 149 dilution of goat anti-rabbit alkaline phosphatase-conjugated secondary antibody for 3 h at 160 room temperature. After being washed, blots were developed with 5-bromo-4-chloro-3-161 (Fig. 1B) . 209
210
The most differentially expressed genes were those involved in protein synthesis, where 50 211 genes were upregulated, while 11 were downregulated. Among the genes upregulated, 212 many are related to tRNA synthesis and ribosomal proteins, such as rpsU-1, rpsB, rpsB, We observed a decrease in the expression of gltA, icd-mdh, atpG and nuo genes, likely by 276 the upregulation of hgtR under Pd(II)-reducing conditions. The increase in hgtR expression 277 in our experiments was presumably due to the presence of Pd(II), and not to hydrogen, 278 because we used strict anaerobic conditions under a N 2 /CO 2 (80/20%) atmosphere without 279 H 2 . In addition, nuoH-1, nouD, nuoL-1 and nuoF-1, which form part of an operon of 14 280 genes that encode for the NADH dehydrogenase, were also downregulated (see Table S1 ). 281
282
The transcriptional regulator Fur was also upregulated during Pd(II) reduction. Fur activity 283 is controlled by intracellular levels of Fe(II) and directly regulates the expression of the 284 feoAB, gsu2432, gsu2937, gsu3274, ideR and gsu1639 genes (36). However, the regulon 285 We also examined the expression of pilA gene (GSU1496), which was upregulated under 313 Pd(II)-reducing conditions. To verify the PilA protein content under these conditions, 314
Immunobloting analysis was performed using anti-PilA antibodies. As shown in Figure 2B , 315
PilA was overproduced under these conditions. These results were surprising since the pili 316 is reported to be required for extracellular electron transfer to insoluble electron acceptors, 317 such as metal oxides and electrodes (12), but not to soluble metals. 318
319
Contribution of pili on Pd(II) reduction extracellular electron transfer to Fe(III) oxides, electron exchange between syntrophic 322 partners, as well as electrodes to generate bioelectricity (12, 40, 41). In order to evaluate the 323 contribution of pili to the reduction of Pd(II) to Pd(0), we studied this process in several 324 mutants that have a direct effect on PilA synthesis. Strain ΔpilR does not produce the PilR, 325 which is the major transcriptional activator of the pilA gene, which codes for pilin, the 326 structural protein of pili (12); therefore, in this mutant, PilA is severely diminished (23). 327
Thus, Pd(II) reduction in ΔpilA and ΔpilR mutant strains was quantified. We observed that 328 98% of Pd(II) is reduced to Pd(0) in the WT strain within the first hour of incubation, while 329 in the ΔpilA strain, 81% of Pd(II) was reduced during the same incubation period. When we 330 tested the ΔpilR strain, only 61% of Pd(II) reduction was reached after three hours (Fig.  331   3A) . Pd(II) reduction was concomitant with an evident change in color of the biomass, 332 which turned black (Fig. 3A inset) . To analyze the nature of the palladium NP's produced, 333 samples of cells covered with these metal were analyzed by XRD (Fig. 3B) showed that the Pd NPs were crystalline in nature. 339
It has been observed that under U(VI)-reducing conditions, using a ΔpilA mutant, the 341 production of some c-type cytochrome is diminished, which results in a slight decrease in 342 the reduction of U(VI) to U(IV) (42). It has been suggested that the slight reduction of 343 U(VI) in the pili-deficient strain is due to the decrease in outer membrane c-type 344 cytochromes and not to pili deficiency (43). Therefore, the slight negative effect on the 345 reduction of Pd(II) by the ΔpilA strain, in our experiments, could be due to a decrease in the 346 production of outer membrane c-type cytochromes, rather than a negative effect on the pili 347 itself, similarly to reports on U(VI) reduction (43). Since PilR is a transcriptional regulator 348 that controls the expression of at least 44 genes, among which are several c-type 349 cytochromes, we propose that the decreased in Pd(II) reduction observed in the ΔpilR 350 mutant strain could be related to c-type cytochrome content rather than to pili absence. acetate and lactate, which may be due to the fact that the RNA-Seq results showed that the 369 gltA (citrate synthase) and mdh (malate dehydrogenase) genes were downregulated during 370 Pd(II) reduction, possibly exerting a negative effect on the TCA cycle and therefore on the 371 production of energy. However, by providing pyruvate as an electron donor, we would 372 expect that G. sulfurreducens could use an alternative pathway to that of acetate 373 metabolism, redirecting it to biomass biosynthesis (45). However, under these conditions, 374 neither growth nor Pd(II) reduction was observed (data not shown). To verify if the lack of 375 microbial growth observed, could be due to a limitation in the nitrogen source, because it is 376 worth noting that, under Pd(II)-reducing conditions, we observed the overexpression of 377 genes related to nitrogen fixation (gnfK, gnfR and glnB), glutamine was also added to the 378 culture medium. Interestingly, under these conditions, we observed microbial growth in 379 pyruvate-Pd(II) medium (Fig. 4A) . Moreover, this growth was coupled to the reduction of 380 90% Pd(II) to Pd(0) (Fig. 4B) and to the consumption of up to 3 mM of pyruvate (Fig. 4C) . Genes encoding proteins involved in transcriptional regulation that were downregulated in RNAseq experiments
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